Self-Determined Radial Electric Field during the ICRF Heating in Heliotron/Torsatrons by S. "Murakami et al.
§ 17. Self-Determined Radial Electric Field dur-
ing the ICRF Heating in Heliotron/Torsa-
trons[11 
Murakami, S., Nakajima, N., Okamoto, M. 
Since energetic minority ions due to interactions 
with RF-fields have a large gyroradius and drift ve-
locity, their particle flux across the flux surface has 
significant effects on the radial electric field, which 
is determined by the ambipolar condition. In this 
paper we study the ICRF minority heating for the 
LHD including the self-consistent radial electric 
field. The behavior of the fast ions is calculated 
by the Monte-Carlo simulation and the effects of 
the fast ions enter the final equation as the radial 
flux and the Coulomb interaction (friction) with the 
background thermal species in terms of the exter-
nal force. As a result, we have the following equa-
tion to determined the radial electric field in the 
Boozer coordinate system (ty, 0, ~: 
Eo(l + er,) (IVlf-12 ) :t ( d~~) 
= efrr +Lear:+ L:Raf (1) 
a a 
where the summation is taken only for the thermal 
species, and rr is the radial flux of the fast ions 
and rr is the radial fluxes of the thermal species a 
due to the 1/ v ripple diffusion. The residual term 
l:a Raf is the Coulomb frictional flux of the fast 
ions with thermal species and is neglected in this 
calculation. 
We use Eq. (1) with cylinder approximation for 
the time development of the radial electric field 
E "'" We calculate the radial particle fluxes for elec-
trons and majority ions, rr and rj, respectively, 
using the neoclassical diffusion theory. The ra-
dial flux for energetic minority ions rr is calculate 
by the present Monte Carlo simulation code MO-
MOC0[2]. Figure 1 shows the time development 
of the radial electric field during the ICRF heating 
with Pabs = 5.2MW. We find an enhancement of 
146 
the strong negative radial electric field at the pe-
riphery due to the radial flux ()f escaping energetic 
minority ions out of the last closed surface and IE yt) 
is larger for higher f3 plasma because of the large 
loss region of high energetic ions. We can also find 
the improvement of heating efficiency more than 
10% compared with that of the no radial electric 
field case. 
Moreover, it should be noted that the neoclassi-
cal ion flux can become inward at the plasma pe-
riphery as the radial electric field increases. Thus 
the possibility has been shown that the large elec-
tric field enhanced by loss of energetic ions can 
control the plasma transport. To investigate the 
influence of energetic ions on the profile of ma-
jority ions and electrons, the simulation is carried 
out incorporating a transport code with the present 
Monte Carlo code. 
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Fig. 1: Build up of the radial electric field in-
cluding the flux of energetic ·minority ions; 
{3 = 0.0% and P abs = 5.2MW. 
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